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Method and apparatus for delation using pulsed electromagnetic radiation 



(54) 

(57) A method and apparatus for removing hair is 
disclosed. The method includes the step ol produc.ng 
at least one pulse of incoherent electromagnetic energy 
The incoherent electromagnetic energy is then coupled 
to an area of surface of the tissue that includes more 
than one hair follicle. The method may alternatively in- 
clude the step of applying a gel (103) on a surface of the 
tissue to cool the tissue. The energy heats the hairs and 



hair follicles, without heating the tissue. The apparatus 
includes a source (301) of pulsed incoherent electro- 
magnetic energy. The source is located within a housing 
(302) and a coupler (310) directs the incoherent elec- 
romagnetic energy to the surface of the tissue. In an 
alternative arrangement a gel disposed on the surface 
of the tissue such that the gel cools the t.ssue but is not 
adjacent, and does not cool, the hair follicle. 
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wherein the energy is reflected to the window. A gel is 
disposed on the surface of the tissue and the window is 
in contact with the gel, to couple the energy through the 
window and gel to the surface of the tissue. In another 
alternative embodiment the energy provided by the cou- 
pler has a range of angular divergences. 

In another alternative embodiment at least one 
band-pass electromagnetic filter is disposed between 
the source and the tissue. The filter can be selected 
such that the wavelength of the energy that passes 
through the filter is based on the pigmentation level of 
the treated tissue. Alternatively, the filters pass energy 
that has a wavelength of between 550nm and 1300nm. 

In other embodiments source provides pulses hav- 
ing a width of less than 200msec, and/or delays between 
pulses on the order of 10 to 100msec. In another em- 
bodiment the area of the energy at the tissue is at least 
two square centimeters. 

According to a third aspect of the invention, a meth- 
od of removing hair from an area of tissue that has more 
than one hair follicle includes producing at least one 
pulse of electromagnetic energy. A gel on a surface of 
the tissue cools the tissue, but the gel is not adjacent 
the hair follicle. The electromagnetic energy is coupled 
to the surface of the tissue. 

In one alternative embodiment the energy is pro- 
duced by pulsing a flashlamp, and a pulse having an 
energy fluence on the order of 1 0 to 1 00J/cm 2 is thereby 
generated. In another embodiment the flashlamp is lo- 
cated in a housing that includes a transparent window 
and the energy is reflected through the window and di- 
rected through the gel to the tissue. In yet another alter- 
native embodiment the angular divergence of the elec- 
tromagnetic energy is selected to determine the depth 
of penetration into the tissue, and to determine the cou- 
pling to the hair and to the hair follicles. Also, each step 
of the method may be repeated using at least two dif- 
ferent angular divergences, whereby at least two depths 
of penetration are obtained. 

In another alternative embodiment the electromag- 
netic energy is filtered. The filtering can be done in ac- 
cordance with the pigmentation level of the treated tis- 
sue. Alternatively, filtering may include filtering some or 
all of the energy that has a wavelength of less than 
550nm and greater than 1300nm. 

In another alternative embodiment pulses produced 
have a width of less than 200msec. The delay between 
pulses may be on the order of 10 to 100msec. Also, the 
area of the energy at the tissue can be large, for example 
more than two square centimeters. The energy may be 
incoherent, such as that produced by a flashtamp for ex- 
ample, or coherent, such as that produced by a laser, 
for example. 

In accordance with a fourth aspect of the invention 
an apparatus for removing hair from an area of tissue 
that has more than one hair includes a source of pulsed 
electromagnetic energy. A gel is disposed on the sur- 
face of the tissue such that the gel cools the tissue but 



is not adjacent, and does not cool, the hair follicle. A 
coupler is disposed between the source and the surface 
to couple the energy to the surface. 

In one alternative embodiment the source is a 

s pulsed flashlamp that generates pulses having an ener- 
gy fluence on the order of 10 to 100J/cm 2 . In another 
alternative the flashlamp is located in a housing that in- 
cludes a transparent window and a reflective interior. In 
yet another alternative embodiment the shape of the 

10 coupler determines the angular divergence of the elec- 
tromagnetic energy, which determines the depth of pen- 
etration of the energy into the tissue, and determines 
the coupling to the hair and to the hair follicles. The ap- 
paratus may include a band-pass filter disposed be- 

is tween the source and the surface. In one alternative the 
band-pass filter passes energy having a wavelength of 
between 550nm and 1300nm. The source may be a 
source of incoherent energy, or a source of coherent en- 
ergy, such as a laser, for example. 

20 The present invention will now be described, by way 
of example only, with reference to the accompanying 
drawings, in which like numerals designate correspond- 
ing elements or sections throughout, and in which: 

25 Figure 1 is a schematic drawing of a cross section 
of a hair follicle in the dermis and a gel applied to 
the epidermis in accordance with the present inven- 
tion; 

Figure 2 is a graph showing the optical properties 
30 of the skin; 

Figure 3 is a side view of a hair removal apparatus 
constructed in accordance with the present inven- 
tion; 

Figure 4 is a front view of a hair removal apparatus 
35 constructed in accordance with the present inven- 
tion; 

Figure 5 is a divergent coupler such as one used in 
the present invention; and 

Figure 6 is a non-divergent coupler such as one 
40 used in the present invention. 

Before explaining at least one embodiment of the 
invention in detail it is to be understood that the invention 
is not limited in its application to the details of construc- 
ts tion and the arrangement of the components set forth in 
the following description or illustrated in the drawings. 
The invention is capable of other embodiments or of be- 
ing practiced or carried out in various ways. Also, it is to 
be understood that the phraseology and terminology 
50 employed herein is for the purpose of description and 
should not be regarded as limiting. 

Generally, in the present invention, hair is removed 
by exposing the "hairy' area to intense, wide area, 
pulsed electromagnetic (light) energy. The energy heats 
55 the hair and coagulates the tissue around the hair and 
follicle without damaging the healthy skin. 

An optically transparent water based gel may be ap- 
plied to the skin prior to treatment. As used herein gel 
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means a viscous fluid that is preferably, but not neces- 
sarily water based. The gel is used to cool the epidermis 
which is the primary location of light absorption by tis- 
sue, due to the melanin content of the epidermis. The 
gel is applied so as not to penetrate into the cavity gen- 
erated by the hair follicle, and thus does not cool the hair 
and the hair follicle. As a result the energy is selectively 
applied to coagulate the hair without damaging the skin. 

A polychromatic light source, such as a high inten- 
sity pulsed flash lamp, is an example of a source suitable 
for the purposes described herein. One advantage of a 
polychromatic source such as a flash lamp is that energy 
having a wavelength in the range of 550 to 630nm is 
heavily absorbed in blood and can be used to coagulate 
the vessel that feeds the hair. Additionally, longer wave- 
lengths, in the range of 600 to 1 1 0Onm have a very good 
penetration into non-pigmented skin. This wavelength 
range can be used to couple to the melanin of the hair. 
The higher pigmentation of the hair and the hair follicle 
can enhance the absorption of energy by the hair. 

Flashlamps also have the advantage of being able 
to illuminate a large area, thus minimizing the treatment 
time. The flash lamp combined with a proper reflector 
can deliver the required fluences to areas on the order 
of a few square centimeters in a single application. How- 
ever, other light sources, such as pulsed lasers can be 
used as well. 

Referring now to Figure 1, a schematic drawing of 
a cross section of a hair follicle 100 in a dermis 102 is 
shown. As may be seen in Figure 1, a gel 103 applied 
to an epidermis 104. In the present invention, water 
based transparent gel 103 is applied to a large section 
of the skin that is covered by hair, such as hair 105. Gel 
105 is applied to epidermis 104 and creates a thin layer 
on top of epidermis 104. This layer is closely coupled to 
epidermis 104 and acts as a heat sink that cools epider- 
mis 104 when light (electromagnetic energy) is applied 
to the area. As may also be seen in Figure 1, gel 103 
does not penetrate into a cavity 106 formed by hair fol- 
licle 100 due to its surface tension properties and the 
fact that the hair is naturally covered by a thin layer of 
fatty material which makes it hydrophobic. The much 
higher heat diffusivity of gel 103 compared to that of air 
which fills cavity 106 enables fast cooling of epidermis 
104, represented by arrows 1 07, while hair 1 05 is cooled 
at a much slower rate. 

The cooling time - 8t of an object that has typical 
dimensions d and diffusivity - a can be written as: 

8t=d 2 /16a 

The epidermis has typical cross dimensions of less than 

0. 1mm, which is also the typical diameter of hair. The 
diffusivity of water is approximately cx=3x1 0- 9 m 2 sec- 1 . 

The gel is applied, in the manner shown in Figure 

1 , over a wide area. When the gel is so applied the typ- 
ical cooling time of the hair will be on the order of 



200msec and that of the epidermis will be on the order 
of 5msec. This difference in cooling times is due to the 
fact that the gel does not penetrate into the hair follicles. 
It is preferable to use a transparent gel since the gel acts 

5 only as a cooling agent and should not be heated by the 
external illumination. 

In accordance with the invention, light is applied to 
the treated area in either a long pulse or in a sequence 
of pulses separated by a delay. The delay and/or pulse 

10 length is preferably controlled by the operator to provide 
enough heat to remove the hair but not enough heat to 
damage the skin. For example, the pulse length or delay 
between the pulses should be more than the cooling 
time of the gel covered epidermis and less than the cool- 

15 ing time of the hair and follicle. Thus, referring to the 
above discussion on cooling times, a pulse length of 
50msec if a single pulse is used or a delay of 50msec 
between the pulses if a pulse sequence is used are ap- 
propriate values. 

20 The spectrum of the light source may be selected 
with reference to the absorption by the skin, by the hair 
and by the blood vessels feeding the hair. For example, 
the hair follicle has typical a depth of 1 to 2mm. It is pref- 
erable, therefore, to use a light wavelength range that 

25 can penetrate into this depth without very high attenua- 
tion. 

Figure 2 is a graph showing the scattering, absorp- 
tion and effective attenuation coefficients in fair skin der- 
mis and the absorption coefficient of blood in the 400 to 

30 1 0OOnm range. Because a wide area is illuminated, rath- 
er than a single hair, it is preferable to use a wavelength 
range that penetrates into the skin without being highly 
attenuated. The skin attenuation coefficient controls the 
depth of penetration of light into the skin. As may be 

35 seen in Figure 2 wavelengths that are longer than 
550nm will be more effective to penetrate deep enough 
into the skin. Shorter wavelengths are less desirable be- 
cause they will be highly attenuated before reaching the 
lower parts of the hair follicles. 

40 Wavelengths significantly longer than 1 ,000nm are 
also less effective due to high absorption of infrared in 
water which constitutes more than 70% of skin. Wide 
area photo thermal hair removal of the present invention 
preferably uses light that can penetrate deep into the 

45 skin, since light is coupled to the hair and the hair folli- 
cles only after it penetrates through the skin. Most of the 
spectrum of light at wavelengths longer than 1,300nm 
is heavily absorbed in water and will be less useful be- 
cause it does not penetrate very deep into the skin. For 

50 example, C02 laser radiation in the 10,000nm range 
penetrates only a few tens of microns into the skin. 

Referring now to Figures 3 and 4, one preferred em- 
bodiment of hair remover 300 includes a flashlamp 301 
located in a housing 302 having a handle. The flashlamp 

55 is shown adjacent gel 103 and hairy skin 102/104/105. 
One flashlamp that the inventors have found effective 
for hair removal is described in detail in co-pending Unit- 
ed States Patent Application For Method and Apparatus 
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achieve the narrow and deep penetration discussed 
above. Alternatively, the user can select the type of cou- 
pler according to the depth of hair being treated. 

Clinical tests have been performed on hair on the 
legs of a few patients. Hair was removed for at least two 
months without observing any hair growing back on the 
exposed areas during this period. The experiments 
were performed with high fluences, i.e., up to 45J/cm 2 
in each exposure. The spectrum used covered the 
range of 570 to 1100nm and the fluence was supplied 
in a triple pulse with delays of 50 to 100msec between 
pulses. The pulse sequence enabled hair removal with 
minimum pain and no damage to the skin. The transpar- 
ent gel that was used in these experiments was a water 
based ultrasound gel, such as that commonly available. 

Thus, it should be apparent that there has been pro- 
vided in accordance with the present invention a flash- 
lamp and coupler that fully satisfy the objectives and ad- 
vantages set forth above. Although the invention has 
been described in conjunction with specific embodi- 
ments thereof, it is evident that many alternatives, mod- 
ifications and variations will be apparent to those skilled 
in the art. Accordingly, it is intended to embrace all such 
alternatives, modifications and variations that fall within 
the spirit and broad scope of the appended claims. 



Claims 

1. A method of removing hair from an area of tissue 
that includes a plurality of hair follicles, character- 
ised by the steps of: 

producing at least one pulse of incoherent elec- 
tromagnetic energy; 

and coupling the incoherent electromagnetic 
energy to the surface of the tissue. 

2. A method as claimed in claim 1 , wherein the step 
of producing comprises the step of pulsing a flash- 
lamp to generate a pulse having an energy fluence 
on the order of 10 to 100J/cm2. 

3. A method as claimed in claim 2, wherein the flash- 
lamp is located in a housing that includes a trans- 
parent window and wherein the step of coupling in- 
cludes the steps of reflecting the energy to the tis- 
sue, through the window and a gel located on a sur- 
face of the tissue. 

4. A method as claimed in claim 3, wherein the step 
of coupling further includes bringing the window into 
contact with the gel. 

5. A method as claimed in claim 4, wherein the step 
of coupling includes controlling the angular diver- 
gence of the electromagnetic energy, whereby the 
depth of penetration into the tissue, and the cou- 



pling to the hair and to the hair follicles, is controlled. 

6. A method as claimed in claim 5, wherein each step 
of the method is repeated at least twice, and where- 

5 in at least two angular divergences are used, 
whereby at least two depths of penetration are ob- 
tained. 

7. A method as claimed in any one of claims 1 to 6, 
10 wherein the step of producing comprises the step 

of filtering the electromagnetic energy. 

8. A method as claimed in claim 7, wherein the step 
of filtering includes the step of filtering electromag- 

i$ netic energy according to the pigmentation level of 
the treated tissue. 

9. A method as claimed in claim 7, wherein the step 
of filtering includes the step of filtering energy that 

20 has a wavelength of less than 550nm and greater 
than 1300nm. 

10. A method as claimed in claim 9, wherein the step 
of filtering energy that has a wavelength of less than 

25 550nm and greater than 1 300nm, includes filtering 
substantially all such energy. 

11. A method as claimed in any one of the preceding 
claims, wherein the step of producing includes the 

30 step of producing at least one pulse having a width 
of less than 200msec. 

12. A method as claimed in claim 11 , in which the step 
of producing includes producing a plurality of pulses 

35 with a delay of the order of 1 0 to 1 00msec between 
the pulses. 

13. A method as claimed in any one of the preceding 
claims, in which the area of the energy at the tissue 

40 is at least two square centimeters. 

14. An apparatus for removing hair from an area of tis- 
sue including a plurality of hair follicles, character- 
ised in that the apparatus comprises a source of 

45 pulsed incoherent electromagnetic energy, wherein 
the source is located within a housing (302) that in- 
cludes a coupler capable of being disposed to direct 
the incoherent electromagnetic energy to the sur- 
face of the tissue. 

so 

15. An apparatus as claimed in claim 14, wherein the 
source includes a flashlamp (301 ) and a pulse gen- 
erating circuit capable of generating a pulse having 
an energy fluence on the order of 10 to 1 00J/cm2. 

55 

16. An apparatus as claimed in claim 14 or 15, wherein 
the housing includes a reflective interior and a 
transparent window, wherein the energy is reflected 
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through the coupler to the window, and further 
wherein a gel (103) is disposed on the surface of 
the tissue and the window is in contact with the gel. 

17. An apparatus as claimed in claim 16, wherein the 
coupler is a tapered coupler. 

18. An apparatus as claimed in any one of claims 1 4 to 
17, further including a band-pass electromagnetic 
filter (307) disposed between the source and the tis- 
sue. 

19. An apparatus as claimed in claim 18, further includ- 
ing a plurality of band-pass electromagnetic filters 
capable of being disposed between the source and 
the tissue, wherein a filter is selected such that the 
wavelength of the energy that passes through the 
filter is based on the pigmentation level of the treat- 
ed tissue. 

20. An apparatus as claimed in claim 18 wherein the 
filter passes energy that has a wavelength of be- 
tween 550nm and 1300nm. 

21 . An apparatus as claimed in any one of claims 1 4 to 

20, wherein the source is a source of pulses having 
a width of less than 200msec. 

22. An apparatus as claimed in any one of claims 1 4 to 

21 , wherein the source is a source of pulses having 
a delay on the order of 10 to 100msec between the 
pulses. 

23. An apparatus as claimed in any one of claims 1 4 to 

22, in which the area of the energy at the tissue is 
at least two square centimeters. 

24. A method of removing hair from an area of tissue 
including a plurality of hair follicles, characterised 
by the steps of: 

producing at least one pulse of electromagnetic 
energy; 

providing a gel on a surface of the tissue, 
wherein the gel is not adjacent the hair follicle, 
and further wherein the gel cools the tissue; and 
coupling the electromagnetic energy to the sur- 
face of the tissue. 

25. A method as claimed in claim 24, wherein the step 
of producing comprises the step of pulsing a flash- 
lamp to generate a pulse having an energy fluence 
on the order of 10 to 100J/cm2. 

26. A method as claimed in claim 25, wherein the flash- 
lamp is located in a housing that includes a trans- 
parent window and wherein the step of coupling in- 
cludes the steps of reflecting the energy to the tis- 



sue through the gel. 

27. A method as claimed in claim 25, wherein the step 
of coupling includes controlling the angular diver- 

5 gence of the electromagnetic energy, whereby the 
depth of penetration into the tissue, and the cou- 
pling to the hair and to the hair follicles, is controlled. 

28. A method as claimed in claim 27, wherein each step 
io of the method is repeated at least twice, and where- 
in at least two angular divergences are used, 
whereby at least two depths of penetration are ob- 
tained. 

is 29. A method as claimed in any one of claims 24 to 28, 
wherein the step of producing comprises the step 
of filtering the electromagnetic energy. 

30. A method as claimed in claim 29, wherein the step 
20 of filtering includes the step of filtering electromag- 
netic energy according to the pigmentation level of 
the treated tissue. 

31. A method as claimed in claim 29, wherein the step 
25 of filtering includes the step of filtering some of the 

energy that has a wavelength of less than 550nm 
and greater than 1 300nm. 

32. A method as claimed in any one of the preceding, 
30 wherein the step of producing includes the step of 

producing at least one pulse having a width of less 
than 200msec. 

33. A method as claimed in claim 32, in which the step 
35 of producing includes producing a plurality of pulses 

with a delay on the order of 10 to 1 00msec between 
the pulses. 

34. A method as claimed in any one of claims 24 to 33, 
40 in which the area of the energy at the tissue is at 

least two square centimeters. 

35. A method as claimed in any one of claims 24 to 34, 
in which the step of producing includes the step of 

45 producing coherent energy. 

36. An apparatus for removing hair from an area of tis- 
sue that includes a plurality of hair follicles, charac- 
terised in that the apparatus comprises: 

50 

a source of pulsed electromagnetic energy; 
a gel (103) disposed on the surface of the tis- 
sue, wherein the gel is not adjacent the hair fol- 
licle, and further wherein the gel cools the tis- 
55 sue; and 

a coupler (310) disposed between the source 
and the surface, wherein, the electromagnetic 
energy is coupled to the surface of the tissue. 
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37. An apparatus as claimed in claim 36, wherein the 
source is a pulsed flashlamp (301) capable of gen- 
erating pulses having an energy fluence on the or- 
der of 10 to 100J/cm2. 

s 

38. An apparatus as claimed in claim 37, wherein the 
flashlamp is located in a housing that includes a 
transparent window and wherein the housing in- 
cludes a reflective interior. 

w 

39. An apparatus as claimed in claim 37 or 38, wherein 
the shape of the coupler determines the angular di- 
vergence of the electromagnetic energy, whereby 
the depth of penetration into the tissue, and the cou- 
pling to the hair and to the hair follicles, is controlled, is 

40. An apparatus as claimed in any one of claims 37 to 
39, further including a band-pass filter disposed be- 
tween the source and the surface. 

20 

41. An apparatus as claimed in claim 40, wherein the 
band-pass filter passes energy having a wave- 
length of between 550nm and 1 300nm. 

42. An apparatus as claimed in any one of claims 36 to 25 
42, in which the source is a source of coherent en- 
ergy. 
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